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THE EFFECTIVENESS AT HIGH SPEEDS OF A 10-PERCENT=CHORD PLAIN
TRAILING-EDGE FLAP ON THE NACA 65-210 AIRFOIL SECTION
By Richard J. Ilk
SUMMARY

A high-speed wind~tunnel investigation has been made to determine
the effectiveness of a lO-percentechord plain flap on the MACA 65-210
airfoil section. For flap deflections ranging from approximately -12°
to 12°, section drag and 1ift forces were measured over & range of
¥ach numbers from 0.3 to about 0.875 for angles of attack from =-2° to
8°., Inorements in section 1lift coefficient are presented as an indi-
cation of the lift-producing charscteristics of the plain flap. More
significantly, wvaluees of the section flap=effectiveness parsmeter are
given as a measure of the effectiveness of the flap.

The test results indicate that at no speed within the investigated
reange does the 1ift increment for a given deflection of the lO0-percent-
chord flep fall below 50 percent of its low-speed walue. A comparison
of the effectivenesa of the lO-percent=chord flap with that of a 20-
percent=chord flap indicatea that a reduction in flap-chord ratioc from
0,20 to 0.10 lessens the severity of the effectiveness losses at super-
eritical speeds. The 20-percent-chord flap, however, remains more
effective throughout the entire Mach numnber range of the present investi-
gation,

INTRODUCTION

Numerous wind-tunnel and flight tests have indicated that conven~
tional airplane control surfaces experience & considerable loss in
effectiveness at high subsonic speeds. Although ansalytical methods
eppear reasonably accurate in predicting the low-speed effectiveness of
flap~-type controls, reliable estimates of airplane control characteristics
at high Mach numbers can only be made from pertinent experimnental data.

At present, the available experimental data are insufficient to allow
quentitative estimates of the high-speed variation-in control effectiveness
with Mach number to be made for erbitrary airfoil control-surface combi-
nations,
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The present investigation was undertaken to provide informatiom
on the control effectiveness of a plain trailing-edge control surface
on & representative thin NACA 6-series airfoll. From & oomparison
of the variation in flap effectiveness with Mach number for the
10-percent-chord flap of the present report with similar date previ-
ously obtained in the Ames l- by S3-foot high-speed wind tunnel for a
20«peroent-chord flap on the RACA 854210 airfoil, it was hoped that
some oonclusions regarding the effect of flap=-chord ratio on highe
speed oontrol charscteristios could be mades, The present analysis has
not considered the effects of differences in rigidity whish would
exist on the lifting surfaces of an actual airplane.

SYMBOLS
o1 airfoll seotion lift coefficient
A0y, increment in section lift coefficient dus to flap
deflection
cq airfoil section drag coefficient
M . free-stream Mach number
ag airfoil seotion angle of attack, degrees
&p flap deflection, degrees

.Anb/hbf section flap-effectiveness parameter, absolute value of
the ratio of equivalent change in section angle of attack
to change in flap-deflection angle at a constant section
lift coeffiocient

APPARATUS AND METEODS

All tests were oonducted in the Ames l- by 33-foot high-speed
wind tunnel which is a low-turbulence, two=dimensicnel=~flow, closed=-

throat tunnel,

Seven models of 6-inch chord were constructed of solid aluminum
alloy to represent various deflectiomns of a lO=percent-chord plain
trailing-edge flap of true airfoil contour employed on the NACA
65-210 airfoil section. The actual flap deflections in degrees
were =11.8, =6.8, 0, 1.7, 4.0, 649, and 10.6s The ordinates for the
NACA 65=-210 airfoll are given in teble I and a sketch of & typical
profile is shown in figure 1.
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The models were mounted so a&s to span the l-foolt dimension
of the timnel test section. Each model was supported by oircular
end plates which were free to rotate with the model, mearmhile
retaining continuity of the tumnel wallse Sponge=rubber gaskets
were compressed between the end plates and the model to prevent
end leakage and thus assure the measurement of section charsoteristicse

Lift and drag forces were obtained for each model at Mech numbers
ranging from 03 to approximately 04875 (with & corresponding range
in Reynolds number from 1 x 105 4o nearly 2 x 108) for airfoil sngles
of attack of =2°, 0%, 29, 49, and 8% Airfoil pitohing moments were
also measured in the present tests but these moment data appeared to
be of questionable validity because of temporary malfunctioning of the
measuring equipment and hence hawe not been included in the present
reporte

The airfoil 1ift was measured by means of & manomoter errangee—
ment which integrated the tunnelewall reactioms along the flcor and.
ceiling of the tunnel test section. Drag foroces were messured by
the wakewsurvey method in whioh a moveble rake of total~head tubes

was employeds

All date of the present tests, with the exception of charac=
toristics measured at the choked-~flow condition, have been corrected
for tunnel-well interference by the methods of reference le It has
been demonatrated in this reference that under choked«flow conditions
nc equivalent free-ailr flow exlats, Hence, the date obtained at the
tivmel choking veloclty camnot be corrected to free-air character-
lsticse Broken lines have been utilized to indicate that some
uncertainty exists regarding the validity of data obtained at Mach
numbers in the vileinity of the wind~tumnel choking Mach numbere

RESULTS AND DISCUSSION

The geotion drag and 1ift characteriaties of the NACA 66-210
alrfoil with a lO-percentechord plain flap at various deflection
angles are presented as a funetion of Mach number in figures 2
and 3, respectively. The variation of increment in section 1lift
coefficient with flap deflection is shown in figure 4 for verious
Mach numbers and oonstant angles of attacke Iift inorements for
congtent flap deflections have been cross-plotted for the ssme
alrfoil engles of atbtack given in figure 4 and are presented in
flgure 5 as 2 function of Mach numbere.

The data of both figures 4 and § indicate that the 1ift inorementa
of the lO=-percentechord flap increase with Mach number, reaching a
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maximum at a Mach number dependent upon airfeil engle of abtteack
end magnitude of the flap=deflection anglee At any Mach number

in the range from 0.3 to 0.875, the inerement in 1ift coefflcient
produced by the l0=percent=chord flap is never less then 50 percent
of its low=speed velue for a given deflectione

For a plain trailingw-edge flap, the control effectiveness oan
be evaluated from date which demonstrate the variation with Mach
number of the flap-effectlveness parameters Thlisg flap=effectiveness
parameter Acx,MAds 1is equal to the absolute value of the change in
gsection angle of attack per unit change in flap deflection at a
congtent lift coefficients For the present report, curves of sectiom
angle of attack as a function of flap deflection at constent 1ift
coefficient were plotted for various Mach numberse. The sbgolute
value of the average slope of each curve, from S§¢=-100 to 8¢ = 100,
wes takem ag the flap effectiveness for e given 1lift coefficient end
Mach number. The effectiveness peremeter varies slightly with f£lap
deflection and usuelly decreases as the deflection angle inoreases.

The effectiveness of the lO=percent=chord plain flap operating
et moderete lif't coefficients warles appreciasbly over a range of
Mach numbers from Oe3 to 0875 (See fige 6e) At the lowest
speeds the values of Aq o/A8p for the 10=-percentechord flap are
epproximately 85 percent of the theoretical value (reference 2)
for thin airfoilse The flap effectiveness decreaases graduslly
with an inerease in Mach number from 0e3 to approximetely 06775,
efter which a more marked decreesse ig exhibited. The largest
reduction in flap effectiveness, over the Mach number range from
0e3 to 06876, is indicated from zero lift coefficient where the
effectiveness has decreased to about 65 percent of its low~speed
veluee The variation between the experimental and theoretical
velues of Aa o/A8f may be attributed to the influence of viscosity,
the effects of which are not considered in the theory. Sinoce the
rate of inorease in boundary-leyer thiockness with flap deflection
is usually greater than the rate of inorease in boundary=layer
thickness with angle of attack (reference 2), the slops doy /08¢
is deoreased more by viscosity than is OqyMBae-

From a comperison of the variation in flap effectiveness with
Hach number for & lO~percent-chord and a 20«percentechord plain
flap on the NACA 65=210 airfoil seotion (fige 7), it oan be seen
that the loss in flep effectiveness at the highest Mach number is
considerably less gevere for the smaller-chord flape Despite the
ebrupt effectiveness losses experienced by the 20=percente—chord
flap at superoritical speeds, however, this flap contimmes to
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remain more powerful than the lO=percent=chord flap up to 0=875
Mach numbers

CONCLUSIONS

From an snalysis of the lift=econtrol charaoteristics of a
10=percent=chord plain flap on the NACA 65210 airfoll and from a
comparison of the effectiveness of this deviee with that of a
20=percent=chord flap, also employed on the MACA 65210 geotion,
the following conclusionsg are indicated:

le For a given deflection, the lift increment produced by
the lO=pergent=chord plain flap at Mach mumbers up to 0875 is
never less than 50 percent of ita loww-speed value.

2¢ Although the effectiveness losses &t supercritiocal speeds
sre considerebly less severe for the lO=percent-chord flap than for
the 20-percent=chord flap, the larger=chord flap retains greater
ef fectiveness throughout the Mech number range from 0e3 to at least
Ce875e ’

Ameg Aeronautical Leborstory
Fational Advisory Committee for Aeronautics
¥offett Field, Calif,
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TABLE I
ORDINATES FOR THE NACA 65-210 AIRFOIL SECTION

[Stations end ordinates given
in peroent of airfoil chord]

Upper surface Lower surface

Station |Ordinate Station [Ordinate

o 0 o 0

«4356 «819 «56b =719

0678 0999 0822 -0859
1.169 1.273 1,331 =~1,069
2.408 1.757 2.592 -1,386
4.898 2,491 5.102 =1.859
7394 3,069 T+606 =24221
9.894 3555 10.106 =2.521
14.899 4.538 15.101 -2.992
19,909 4,938 20,091 =3.,546
24.921 5.397 25.079 =3+ 607

34.951 6.954 35,049 -3.894

39.968 8,087 40,032 =5.925
44.984 8.058 45.016 -5.868
50.000 5.915 50,000 =3.709
565.014 5.626 54.986 ~3.4355
60,027 65.217 59,973 =3.0756
65.036 4.712 64,964 =24662
70.043 4.128 69.957 -2.184
75.045 3.479 74.956 -1.689
80.044 2.78% 79.956 -1.191
85.038 2,057 84.962 =711
90,028 1.327 89.972 =295
95.014 +622 94.986 «010
100,000 0 100,000 o

L.E. radius: 0.687
Slope of radius through L.B.: 0.,0842

SNAGA
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Hinge line /Y

Ce
Enlarged view of flap \7/ \L

Figure | - Typical profile of the NACA 65-2/0 airfoil section

with [(O-percentf-chord plain flaps of ftrue airfoil contour.



8 NACA RM No. ABAZ]
18
16
/
pEEEEE I
> 4°
12 v @ 2°
N I P ]
~ A 0
< ./0
.
S .08 - :
g |4
S e / /, > p
FL TE
3 04 W I
AN Ly
.02 e e
Vi W _
003 4 .5 6 7 8 9 10
Mach number, M
(a) &p=-11.8°

Figure 2 -The variation cf section
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